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Relation of the Structure of Language 
to Performance in Mathematics 

Abstract 

The rel^tipriahip of performance in mathematica to syntacticai 
language factors obtained from speech samples was iny^estigatad 
with 9 5 B&niQT high school geometry atudents* Statistical 
proesdii^a^ iaieluded correlation analysis and atep\>?i^e 
tegrea^ion* The findings indicated that certain ayntacttoal 
rtieasw^a indicating logical thotight proceaaes cDrralatea 
algjilfiaantl j with measuree of mathamatical parf ormanca^ In 
pdditlQn^ these ayntactlcal laeasuras addad a statistically 
#igtilficant amount to Intelligance in predicting performanca 
ift matheroatic^* 
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The Relation o£ tha Strucl;ure of liano^a^e 
to Poarf orrnawce in Mathematics 

I-fc Has long been yacogniaed that verbal and othar 
ianguag© faotoxs are related ability and achievement in 
wath^rn^fcida * Ko^t studies investigating these relationships 
h^ve^ hQ\^BV%^s cpftcentrated on the more accesaitole langti^ga 
f^ctof^ of ability and achievement (Ailcen, 19 71) attd have 
h%gle<5t©d th% structure of lartg^aga itself as a factot* Th& 
p\xxpo&0 ot this study to investigate the relationship 
b^twe^w th© ^tructu^e or syntax of students* spoken l^ngtAag^ 
and th^tr ahillty and achievement in jmathe^iatios * Specifically, 
c%rtair» typ^a o£ construotions in atudents * speech we^re 
i4enti£iea Ssing potentially useful in predicting parformance 
In matheJn^tiQa # Th^ae elements of structuie^ generally Kiiov^n 
%a indioatoi*g off verbal oonditionality (Hays^ 1966) ^ 
^haratffcei^iE^d by the fact that they imply an "evaluation ot 
coiitiKgBiiQi^a diiring the symbolic considwatiori of altarnative 
courses of iiQtian 3* *' Th^^i an individual may vejrbally 
coji^id©^ ^ aituation^ tftdicat© that there is more than one 
method rL^polvlng the situation^ and indiGate his reason 
for choosing a partiouLar solution. This process can be 
idaritifi<6^ ill vfhola or part solaly by syntactioal considerations* 
Thup, It ^as believed that syntactical indicators of tnought 
whii^h is eharact^risticj of mathematical reasoning could be 



structure of riangxiage 

3 

used to predidt performance in mathematies* 

The relationship bst^^ean language and thought Is, for 
many^ aelf-evident (Brown, 1958; Carroll, 1964* Chomsky, 1968 j 
Church, 1961» Vigctsky, 1962). The nature of this relationship 
ia, however, more elusive* Benjainin Whorf (1956) is responaible 
for miich of the early worK in this area and for motivating later 
thaory and investigation eoncerning language and thought* The 
Whorfian hypothesis, or the principle of linguistic relativity, 
atstes that the "formulation o£ ideas la not ^n independent 
procasa, . . » but is part of a particular graiwtiar 21^." 
That Is, striictural differences in languages are indicative of 
aognitiva differences in the users of th^se languagas. Whlla 
the Whorfian hypothesis deala specifically vlth interlanguage 
differences, more recant concern has been with intralanguaga 
differencea (Carroll, 1964; LantE & Stefflre, 1964* Osgood, 
Suci, St Tannenbaum, 1957; Vernon, 1967), Thm conclusion 
reached is that there has been no generally aocapted resolution 
to the issue of the nature of the relationship between thought 
and langtiage, 

Ghoinsky (1968) has argued that the syntaK of one's speech 
la related to his thought* Starting with the notion that 
language and cognition are related, the structure of the 
former being at least a rough approximation of the structure 
pf tha latter, it tolloviB that a relatively simple, and 
here tof ore rarely eKploiteol, method of studying the cognitive 
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structure of the individual is to study the syntactic atructure 
of the individual's apeech* This method was used by Videback 
(1955) and Haya (1966) in studies relating verbal conditionalit^ 
to cognitive structure* Theee researchers found that verbal 
conditionality was a useful indicator of cognitive functioning 
and related apecifically to performance on concept acquisition 
and conceptual differentiation tasks » This study was a direct 
outgrowth of the studies of Hays (1966) and Videbeck (1965)* 

It is not surprising that one would hypothesis;© a 
relationship between language and mathematics* Formal thought 
in general and formal mathematical thought in particular are 
characterized as hypothetico--deductiva in nature^ abstract 
reasoning and hi^othasis testing depending on combinatorial 
analyais (inhelder & Piaget, 1958)* In addition, mathematica 
itaalf may be considered a language with its own syntax and 
aemantics* It is therefore natural to ask whether constructiona 
which indicate logical reasoning in grammatical structure do^ 
in fact, also indicate logical reasoning in mathematical 
structure* 

Wilson (1967) and Reiss (1963) contend that the logical 
aspect of reasoning is indicated by syntactical structure and 
emphasize the necessity of logical thought processes in the 
field of mathematics* "Words like 'because,^ 'therefore,' 
*if,' •since,' and ^although' are essential if we are to 
carry out any communlGation above a primitive level, because 
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all reasoning and sustained thinking depends upon them, . * , 
Logical words are good guides to logical thinking and speaking 
Qilaon^ 1967^ p, 2^." It must be emphasised that these 
words are considered as structural indicators of a process and 
not aa indicators of meaning^ that is^ they are conBldered 
syntactically rather than semantically* 

On the basis of the considerations above it was 
hypothasized that varbal canditionality would be positivaly 
correlated with mathematical performance* Since the relation 
of intelligence or general ability to performance in matheinatica 
is well established^ it was also hypothesized that verbal 
conditionality would add significantly to intelligence in 
predicting perforinance in mathematics. 

Method 

The subjects were 95 students^ 58 malea and 37 females^ 
in geometry classes in a suburban high school. No aubjact i^as 
dropped from the data analysis although^ because of incoinplate 
data^ not all subjects served in all parts of the final 
analyaia* The age of the aubjacts ranged from 14 to 18 years 
with 16 •09 years as the mean agej the mean IQ was 117«S* Data 
on performance in mathematics were obtained from school records^ 
data on verbal conditionality were obtained from individual 
Interviews with the subjects* Interviews lasted between 20 and 
30 minutes and took place during the student's free period. 
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a?he Interview 

Each sub.iect was prajented with a relatively unstructured 
situation and asked to speak freely and at length on the 
indicated topics^ The topics concerned filling a free Saturday, 
planning a schedule for a foreign eKchange student, and spanding 
an unlimited sum of money • The students had no reason to 
associate the interview with mathematics, and no subject 
mentioned mathematics in the interview except in the context 
of the foreign student's prograin. The situations were assumed 
to be neutral with respect to intelligence and inf ormatiori* The 
goal of the interview was to obtain from each subject a verbal 
sample of approximately 1000 words in which the subject had an 
opportunity to express ideas using conditionals. Probes were 
used to Increase the size of the verbal sample but not to 
elicit conditionals* Therefore, it was assumed that each 
subject could, but was not encouraged to, speak conditionally. 
Each interview was taped and later transfiribed for analysis • 
Coding 

The protocols were coded by two coders using a schedule 
developed by Hays (1966) « The schedule consists of three 
major categories each with three subcategories. These are 
listed 3ielow* 

1. Hypothetical Modeip 
a. Would and could. 
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b* May and might* 

c* Hayba and perhaps, 

2. Alternation (usually "or" as an 
indication of alternatives)* 

a* Introductory branch-words, 
hm Internal branch --words. 
Ci, Indefinite branch^words * 

3, Testing of Contingencies* 
a* If Glausea* 

b. Other conditional adverbial 

clauaes ( "whenever , " "unless " ) * 

a*"^ Descriptive conditionals ("take 
into account, ''dependa on" ) , 
After coding was done individually, differenoea were discussed 
and resolved. Usually discrepancies resulted from fflissed 
instances of a conditional rather than different coding of a 
given conditional. The reliability of the coding procedure 
was established by Hays (1966), who found inter-^ judge 
reliability to be -SI among 29 student judges and ,94 between 
student judges and the experimenter sf]* Coding was 
performed in terma of all nine categories, but only the three 
major subdivisions were used in the analysia. 

Each Individual 'a score for the three measures of verbal 
condltionality was the number of occurrences of the respective 
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^ conditiQnals, The number of conditioiiais was praf erred to the 
relative numbej: of oonditlonals because it was thought to be 
a mora pure meaaure of the extent to %^hich each subject was 
willing to elaborate and test hia idaaa, 
Parform ance in^ Mathema^tics^ 

Performance in mathematics was measured by six different 
variables—iilgabra final grade^ geometry final grade. School 
and College Ability Teats (SCAT) quajititative score. 
Preliminary Scholastic Aptitude Test (PSAT) quantitative score, 
Scholaatic Aptitude Test (SAT) quantitative score (two 
adminiatratlons ) / Course grades v;ere reported aa letter 
grades and were aaaigned numerical equivalents of 4, 3, 2^ 1, 
and 0 for A, C, D, and F, respectiv^ely . Since the students 
were homogeneoua with respect to course, geometry, rather than 
year in school, the standardised scopes were not the result of 
a single adminiatration of the tests* 

In addition to the measures of mathaiDatical performance^ 
intelligence meaaures were obtained (rem the school recorda* 
These scores were a product of the Otis Quick-Scoring Mental 
Ability crests a&ninistered by the school as a part of its 
normal teating program* 

The hypotheses of the study were tasted using correlation 
analysis and stepwiae regression* 

Results 

Verbal condition ality data were available for only 63 of 
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the 95 subjects in th© study. There ware several reasons for 
this* Some students had no study halls and could not come for 
an Interview* Soma had study halls only on days when the 
interviewers could not be at the school, and other students 
ware absent or found that they had to do homework or study for 
a test during the period which had been scheduled for the 
interview t Descriptive statistics for the conditionality 
variables appear in Table 1* The mean number of words 
indicating the hypothetical mode^ branching, and testing of 
contingencies were 26*40^ 7,00, and 10,16, respectively. 
The mean total output was 725*77 with a standard deviation of 
407, 35, The range for total output was from 82 to 2069* 
Several of the subjects, although they volunteerad for the 
interview, were reluctant to say very much. 



Insert Table 1 about here 

The descriptive statistics for the measures of performance 
in mathematics appear in Table 2, The mean scores on all 
atandardised meaaures of mathematical ability are above the 
national norms ^ thus indicating that the sainple was not 
typical of the national population in meaaured ability* The 
Mean Otis IQ was 117,48 with a standard deviation of 10,28. 
The range of IQ*s was from 96 to 143, 
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Insert Table 2 about here 

It waa pradicted that each measure of verbal conditionaltty 
would be positively correlated with each measure of performance 
in mathematics. The correlation coefflcienta of each of the 
sIk measures of perforrnance in mathematics are listed in Table 3^ 
Alternation or branching was positively correlated (p < .05) 
with three of the four standardized measures of mathematical 
ability y "While tasting of contingencies was positively correlated 
with pnly two of these meaaures* Hypothetiaal mode %^bb not 
correlated with any of the mathematleal measures, and course 
grades vera correlated with no measure cf verbal condltionality* 



Insert Table 3 about here 

Puarther illustration of the relation of the verbal 
conditionality variables to the SCAT and PSAT variables occurs 
when subjects are categoriEed as high, medium, or low on the 
latter variables p The results presented in Table 4 indicate 
that there is a direct relationship between verbal 
oonditionality and the SCAT and PSAT in five of the six 
comparlaons . 



Insert Table 4 about here 
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Intelligence or general abdlitj? vim ^ig-iilflcaJitXy 
correlated with sach mea#uri ot parforman^e in. niat^erriafciD^, 
Although there corralati^n^ ware generally ntcawata to hl^h , 
they by no mmanm e3^1a£n^d all of tH^ varleft^& iri pB^iom^ncm 
In matheniatiQSt 1^ was f^y^^tj^i^i^ea that nie^gtirei off \ref£a2 
CDndltionality would aaa si^nifie&ntly' tc In^ailig^nffe in 
preaicting performance in. m^tj^eina'fcics. Tabl^ 5 pres^pnfea the 
resulta of tha stepwise r^gjti^stotia j©rfcOTe<a iritsiLigeiice 
and verbal conaitiarieltty predict each of tjie st^ anaaawaa 
o£ performanae In niathMna^i^a^ la Bmh c^^a ijit^liig^nce 
accountea for the greatest part ofi the v-atianc^ jpsiforOTarica, 
In all caae^ the verbal c^nditfiDjiality^ v^atiabl^a added a 
statlstieaiay si^nificatit atfiQuiit to the v^f^ian^e cpMiQa to 
mathemattcal pertforma^ei^ and liitellig^iie^, arad tbnis added to 
the predictability of p^r^otf'maiiec in mattieinatitfa* 



Inser* ffato.le 5 (x^out here 

The results presentadl mh^^^ lanfl «ed©n^e to tfte 
relationaJiip of struatu^e off languaga fa^t^rs fee m^hematlcal 
reaaonlng* Ti^o types o£ rewojiing oir methods arffi^ing €t 
eonaiuaiona are ©f pajtietflw importance iu ni^tJiiiiia*ical 
problem sel^liig, Piret 1^ tie ability t© f^aaiae or 
alternative methods j appr^aclie^^ or solutioJis ^ SmoanS Lb the 



12 

pblii^y fcegt li^o theses, whtota ciloamlY- tibl^ed vith the 
percajptiori ^£ aLt&Mabiv^s* Orme la o^ntiriUiLlLy cie* vlth 
^eqftie»G#s o£ ter^tL^ff, finding ^Iteriia^i^e^, tp^tirig^ finding 
&lt^rsia*i^r8^^ efc^. If indeedl #p^ic}i Aa a mi^rcr of thought 
sJici tfca w^rSa off a^J^te^nation ai*d testing pn c^mtiageHQie^ do 
tMicat0 th^ir r^sj^eotive ffieritatl jr^c^a^esi it und^^a-tarid^bXe 
that a 'e8i%d@n(^y to use ttxBme vcr^da da cprtrtLatea i^rith ^atheiflpttcaD. 

3Dh0 pjac% oS -the nypoth^tl caJ. ]ffodle in rmaonlng- in 
©lajnant^ry^ imatli^Ei-tlca is iiot ^v^^a^nt aa *hat of altemattori 
aaifl h^p^tbe^ls t^s*irig» Itaorea-^ ftiathpmp.tLcal thought Aa ala^ 
ecn^etf*n©a i\^tth poi^i&ilitiea^^laidia^t^ by ax^eli words aa *Vcutia|" 

wdtii th^sfe j^caaibilitiea in a ^a*itit^ti.v© father than a 
qtiaJitatoiy^ ^m^ner* That ia^ m^tJier^ati^aL paasibiXity 
B^p^Bmsm^ 1:hJough riwterleal p^ofcaRilifey* 2t la r^a^^n^le 
a^atto^j ne^fe^tji^le^s^ tlia^ th^ hypoeh^tt^;a.l raofie may rela^te to 
tWrakLng^ l»i jaAtheniatt cs . data tfo ij^i:, however, pa^r tbis 

out, V&xhmpM the layp^tlietical CTode w^iiLd bi faurid to pl&y aii 
iflipt^rtaitt pa:rt Art ^or^ aa^asiced a^d m:t^ creative niath©ma.tica.i 

Wqtl^ af tne cc?^r«LatiDns q£ x^^^h^l cojidi.tionaXity vlth 
a^U3fa& g^xadi^ v^ap #igiitiicant • Tl^i^ 1^ jo^sa-bly du^ th^ 
iUbjee 1:1^1% and r^auating m^iiipbUlty o£ the giad@s» 
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Although grades do reflect ability^ th^y are possibly confounded 
with non-^ability^ variables— motivation ^ neatness^ need to succeed, 
and otherS"to a larger aKtent than are standardised measures 
of parf oriBance, 

As VfSS noted above ^ all rriea^u^^s perrorinance in 
mathematics were highly correlated tvitii intelligence. Thus 
the meaaurss of verbal ooiiditlonalitjr-*-^although they did add 
a statiatically ai^ificant amoiint to the multiple correlation 
coef £ icienta^ did not add an impressive aniount to the 
predictability of performarice in mathematics* However^ the 
reaults do Indicate that additional inEormation about 
periormance in mathematica may be gaiiied from a Jcnowledge of 
the atrudtujee of spoken lan^age anS suggest that people who 
are mora conditional in their reaioalrig^ as indicated by the 
use of conditionals in their speech^ ate more likely to be 
sucaesaful in matheinatlas , Thua the strtaature of language 
may be a fruitful meana for at-udyi^gf r^aaoning in siathematica . 
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Table 1 







Statistic 








SD 







I^rpathetioal Modd 



Wfluld and could 


a3.33 


12,97 


71 


0 


U^y wight 


1,62 


1,64 


6 


0 


M*^e and par'haps 


l.-W- 


2,49 


; 13 


0 






15,^ 


7* 


0 



Alternation 















.98 


1,41 


6 


0 














3.35 




U 


0 














2.67 


2.79 


12 


0 




7.00 


4.^ 


2^ 


0 



Tasting of Contlhf^noieg 





8,1^ 


5,76 


31 


1 












ftd-ffeybial classes 


,38 


.72 


3 


0 












«o«dltlonftls 


1,21 




5 


' 0 


1 


10.16 


6,88 


37 j 

- 


a 
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Table 2 

DSSCMPTIVB SrATISraCS lag THS >fflASUilSS OP M^THB-IATICAi ^LITI 



Ka"tha!ia"tleal 
Ability 




Statisbie 






Mean 




M 








Algebra grade 


2.30 


1.07 


93 


if 


1 


Geranetiy grade 


2.64 


.93 


91 


it 


1 


SCAT 




25.7^* 


«8 


99 


1 


PSAT 




10.89 


7k 


75 


28 


SAf-1 






81 


780 


302 


SAr-2 


158,25 


127.^ 


73 


800 


309 



IS 
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Table 3 

COmMATlOn OF VSRBM. CONDiraONAUTy 
WITH 1-14TI©L4T1CAL ABIIITr 







tlathenatical Ability 




1 














Conditl'Onality 


Algebra 


Gectnetry 


SCAT 


PSAT 


SAT-1 


SAT-2 




crade 


grade 
(lM2 ) 




(N-51) 


(N^55) 


(N-55) 



jQrpothQtleal 


.16 






.14 


.06 




node 


.12 


.15 


.09 




ax 


.1? 


,28* 


.36* 


.37* 


.16 


Testing of 


.10 


.17 


.25* 


.24* 


.19 


.21 


eontingsncies 















*P<.05. 
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Table 4 

RELATION OF VERBAL COIIDITIONAIZTY VAHIABLM TO SCAT AND PSAT 



Vapbal 


SCAT 


PSAT 


Condi tlonality 


High 

(IW3) 


Medium 


low 


Hiph 
(N»18) 


Msdium 
(W=15) 


low 


I^ofchetical Mode 


Mean 


29.30 


28,00 


22.06 


26.67 , 


29.27 


26.00 


SD 


16. 89 


14.03 


13.35 


16.06 


3.85 


16,42 


Alttrnation 


Mean 


8.91 


6,32 


5M 


9,50 


5.93 


5.67 


SD 


5.5^ 


ZM 


3.72 


5.70 


5.12 


2.51 


Testing of Contingencies 


Mean 




9.95 


8.00 


13.78 


9.00 


8,50 




9.26 


3.71 




9.76 


5.18 


4,65 
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STER-JISE REGRESSIOI^ OF lOTmiGBNCE AOT 
VERBAL COHDITIOI'JAIITr ON MAriffiJIATlCAL ASllXTX 
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Mathematical Ability 


Multiple H 


R squared 


Increase in 
R squared 


Algabra Grada 


InteXllgenoe 


,4082 


.1667 


.1667 


Testing of oontingencies 


.4196 


.176? 


,0094 


Alternation 


.4261 


.1816 


.0055 


Itypothetical node 


.42.83 


.1334 


.0018 



Geometry Grad® 



IntelUgenQe 


.^15 


.2720 


.2720 


Alternation 


.5293 


.2802 


.0082 


Testing of contlngenoies 


.5389 


.2904 


.0102 


SCAT 
(N-60) 


IntelligenQe 


.5705 


.3255 


.3255 


Testing of eontingeneiea 




.3280 


,0025 


Alternation 


.5?34 


.3288 


.0007 



Note. * Level fop inclusien is p<.05» 
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Table 5^ continued 



Independent 


Mathematical Ability 


VaJEdablo 


Multiple R 


R squared 


Increase in 
B squared 


PSAT 
(N-50) 


Intelligence 


,7m 


.5658 


.5658 


Testing of eontlngencles 


.7^2 


.5688 


.0^9 


JJypothetlcal mode 


.7552 


.^03 


,0016 


Alternation 


.7559 


.5?13 


,0010 


SAT-1 


Intelllgenee 


.7393 


.5^5 


.5^5 


HypothetiQal mode 


,7427 


.5516 


.0051 


Alternatlen 


,7460 


»5565 


,00W 


Testing of contlngeneles 


.7^7^ 


.5586 


,0022 


SAT-2 


InteUigenfie 


.7182 


.5159 


. .5159 


^ternatlon 


.73^9 


,5^00 


,ozkz 


l^ethetlcal node 


.7362 


.5^20 


,0019 



Not©. - Lt^al for ineluwon is p<*05t 



